The activation of the immune system is associated with profound alteration of zinc metabolism. In human immunodeficiency type 1 (HIV-l) infection serum zinc is frequently decreased. To investigate a potential role of immune system activation on urinary zinc wasting, we compared urinary zinc and l1eopterin levels in 52 patients with HIV-J infection. In addition, serum zinc was studied in 25 of the patients. We confinned earlier reports of decreased serum zinc levels in the patients. As expected, urinary neopterin was significantly increased in HIV-l infection, the highest values being reached in AIDS patients. Urinary zinc concentrations were not statistically different between patients and controls. However, a positive correlation existed between urinary zinc and neopterin levels and between neopterin and zinc clearance coefficient in patients with more advanced stages of HIV infection. No correlation between serum zinc and urinary neopterin or urinary zinc was found. The data indicate that, in addition to malabsorption, chronic immune activation may contribute to the development of zinc deficiency by urinary zinc wasting.
Introduction
Zinc deficiency is common in human immunodeficiency virus type I (HIV-l) infection (1-4), and serum zinc was recently shown to predict prognosis (5) . :\ decrease in serum or plasma zinc levels together with elevated ulinary zinc levels has been observed earlier in a variety of neoplastic and traumatic disorders (6) (7) (8) (9) . A reversible increase in Ulinary zinc leYels has been described in patients with tumours or after surgery (8) and in dogs after experimental injection of killed bacteria (10) . A negative correlation of urinary zinc levcJs with serum zinc (6, 9) and a positive relationship to renal tubular dysfunction (7) were found in separate studies. but the cause and significance of the phenomenon remains unresolved. On the one hand. the tubular cell is important in renal zinc handling (11), on the other hand monocyte derived cytokines are known to affect tubular function (12) .
HIV-l infection is associated with a profound disturbance of cytokine networks, characterized by raised levels of e.g .. interleukin-I (lL-I), interleukin-6 (IL-6), tumour necrosis factor-(TNF-)-a (13) (14) (15) . and interferon-(IFN)-y (16) . Elevated IFN-y is reflected hy increased serum and urinary neopterin which is widely used to monitor immune deterioration in H IV -1 infection (17, 18) . The goal of the present study was to investigate a possible link between disturbed zinc metabolism and immune activation, estimated by urinary neopterin levels.
Materials and Methods
Fifty-two patients, 38 males and 14 females, mean age 34.2± 9.2 years (range 15-68 years) were examined. All were HIV-I antibody seropositive (Abott-ELISA, Western blot). Among the male patients 18 were injecting drug users, 11 homosexual men, 5 men with haemophilia, and 4 acquired the infection probably through heterosexual contact. Among the female patients there were 8 injecting drug users. In 6 patients the infection was probably acquired via heterosexual contact. Patients were classified according to the Walter Reed (WR) staging system (19) . Eighteen patients were treated with zidovudine and 3 with dideoxyinosine. At time of study, there were no other complications in patients except HIV-1 infection. Two patients with WR6 received parenteral zinc supplementation and were therefore excluded from statistical evaluation. Seventeen healthy controls (12 males, S females) mean age 34.7± 11.0 years (range 20-57 years) served as controls. Patients and controls were not significantly different regarding age and body mass (p>O.l).
We obtained first morning urine sample from all of the studied subjects, as well as serum specimens of 25 patients and 14 controls. The concentration of zinc in the untreated and undiluted urine and serum specimens was determined by flame absorption spectrophotometry (Beckman 1233, Beckmann Instruments, Munich, Germany) at 213.9 nm wavelength (7, 20) . Urine zinc concentration was divided by creatinine levels and expressed as zinc/creatinine ratio (mmol Zn/ mol creatinine) to take into account variations of urine density. Zinc clearance coefficient (ZCC; l/mol creatinine) was calculated as the ratio of urine zinc/creatinine divided by serum zinc ().1mol/I).
Urinary neopterin and creatinine was measured by high performance liquid chromatography as described previously (21) . Briefly, 100 ).11 of the urine specimen were diluted in I ml potassium phosphate buffer. Ten ).11 of the sample were injected into HPLC system (Varian LC 5500) and separated on Cl8 reversed phase column. Neopterin was quantified by its native fluorescence (353 nm excitation, 438 nm emission wavelengths), creatinine was simultaneously determined by ultraviolet absorbance at 235 nm. Neopterin concentrations were expressed as neopterin/creatinine ratio. Statistical comparison between controls and patients was performed by Wilcoxon rank test, associations between variables were studied by Spearman rank correlation coefficient. 
Results
Average serum zinc concentration in the HIV-l infected individuals (l2.0± 2.70 ).1mol/l) was significantly lower than in controls (l8.1± 4.44 ).1mol/l; U= 4.02, P = 5.7xlO· 5 ) . Urinary zinc levels in controls were l.39± 0.59 mmol/mol creatinine which is only slightly higher than reported for 24 hour sample (22) . In patients with HIV-I infection urinary zinc levels were 1.19± 0.76 mmol/mol creatinine, which did not differ from controls (p>O.05). There was no linear trend of urinary zinc levels when the patients were grouped according to stages. Serum zinc concentrations were lower in patients with HIV infection than in controls (Table I) . Serum zinc did not differ between WR-stages 1-4 compared to stages 5-6 (Table I) .
Urinary neopterin levels were found to be significantly higher in patients with HIV-I infection than in controls (663± 589 J.lllol/mol creatinine vs. l17± 24 ).1mol/mol creatinine; U=5.31 p=1.lxlO· 7 ). Urinary neopterin appeared to increase with progression of HIV-I infection (Table 1) , the difference between patients with WRl-4 and WR5 being however not significant (p>0.05).
Average ZCC did not differ between HIV-l infected patients and controls. There was a gradual increase of average ZCC from controls to patients with WRl-4 and to patients with WR5-6 (Table 1) . However, the difference between groups did not reach statistical significance because of large standard deviations. In the two patients with WR6, who received parenteral zinc supplementation (60 ).1mol/day) and Table I . Serum (~mol/I ) and urinary zinc levels (mmol!mol creatinine), urinary neopterin concentrations (J..lI11ol!mol creatinine) and zinc c1earence coefficients (ZCe; I!mmol creatinine) in patients with HIV-J infection (mean value and S.D. of each group is shown). ..
WR-Stage
• ti 2. 4 '0 E \\ere consequently excluded from statistical evaluacio n, urinary zinc levels were high (3.69 and 2.14 rnmol/mol creatinine, respectively), although serum zinc value was low (9.9 flmol/l) in the patient with less pronounced urinary zinc excretion. Positive correlations (Fig. 1) were found between ..l rinary neopterin and urinary zinc levels in the 12 WR6 patients (rs =0.748, p<0.05) and the ZCC in WR5-6 patients (rs = 0.673, p>0.05). There was no significant correlation between serum zinc and urinary neopterin and urinary zinc levels. Zinc concentrations did not differ between patients receiving .) r not receiving antiretroviral therapy.
Discussion
I n agreement with previous reports, serum zinc \\as significantly lower in the patients with HIV-I infectio n. Low serum zinc levels in late stage of HIV-I infection reflect chronic zinc deficiency. Under phyiological conditions, zinc requirements are met hy intestinal absorption (23), which may not be sufft--:ient in HIV-l infection when the small intestine is often affected and malabsorption is common (24) . Decrease in serum zinc is a well characterized feature of the acute phase response and zinc metabolism is known to be influenced by monocyte-derived cytokines like IL-l, IL-6 and TNF-a (25) (26) (27) . IL-6, a monocyte derived cytokine is known to induce liver J metallothioneiri synthesis, so that se~m zinc levels falL IL-l and TNF-a have been reported to have a similar effect, probably through IL-6 release (25, 26) . In addition, treatment with IFN-Y was demonstrated to affect zinc metabolism (28) . Increased neopterin levels in our patients indicate immune activation and endogenous formation of IFN-Y (16, 17) and late stage HIV-l infection is associated with high serum IFN-Y levels (16) . In our study, we found Immune activation in patients with HIV-l infection: Immune activation increases throughout the course of disease (indicated by, e.g .. neopterin levels) whereas serum zinc levels decrease. Urinal)' excretion of zinc increases in early stages but starts to decrease in later stages when zinc deficiency becomes apparent, but zinc c1earence coefficient (ZCC) remains to be high. a n aSSOCIation of neopterin with urinary zinc levels and ZCC in more advanced but not in early stages of HIV -1 infection.
Immune activation may reduce renal tubular reabsorption of zinc (11, 12k However 1 _ urinary zinc levels were found to be increased only in a minority of patients, which confinns results of an earlier study (4) . The absolute excretion values of urinary zinc depend on overall zinc status. Zinc deficiency particularly in late stages of HIV-l infection may explain why urinary zinc levels are not elevated while ZCC corelates to the immune activation status in patients (Fig. 2) . In agreement 2 patients receiving parenteral zinc, lost a significant part of the supplements in the urine and parenteral zinc administration did not prevent zinc deficiency. Reduced serum albumin concentrations in patients with HIV infection may explain why supplementation of Zn was not successful in the two patients (29) because serum Zn could not be sufficiently bound to albumin.
The prognostic significance of decreased serum zine (5) may be explained by the fact that cytokines involved in serum zinc changes also augment the replication of the virus (30) . Our data show that neopterin levels are more closely associated to progression of HTV-l infection than zinc levels. Serum zinc in the later stages of the disease appears to depend also on nutritional status. Probably due to this limitations, urinary zinc was not found to be of value in assessing HIV-\ infected patients. The clinical significance of zinc deficiency in HIV-l infection remains uncertain. On the one hand, the decrease of zinc may be beneficial to patients withdrawing an essential nutrient from bacteria and tumour or virus-infected cells (3\), on the other hand there are both, in vivo and in vitro data, showing zinc deficiency to be associated with dysregulated immune system functions (32) (33) (34) (35) (36) (37) .
A statistical correlation does not necessalily indicate any pathogenetic interaction mechanism. However, our data may indicate a link between immune activation and renal tubular function but only a prospective study could resolve a potential role of urinary loss to generate zinc deficiency.
